


3D’s of gravitational lensing

• Delay

• Deflection

• Distortion



Delay: 0th derivative
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1 + zL
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~θ = ~θA, ~θB , ~θC , ~θD, ...

Units: (angle)2/H0



Deflection: 1st derivative

~∇τ = 0

~θ − ~β − ~∇ψ2D = 0

Units: (angle)1



Distortion: 2nd derivative
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Units: (angle)0



typical quadrupole potential:

ψ2D = bθ[1 + γ cos 2(φ− φγ)]
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µmicro =

{

1
4γ[(1−κtot)−γ]

1
4γ[(1−κtot)+γ]



µmilli =

{

1
2γ[(1−κtot)−γ]

1
2γ[(1−κtot)+γ]
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MICRO-LENSING AT UNIT

OPTICAL DEPTH: I & II
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